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IMAGE FORMING APPARATUS AND IMAGE 
FORMING METHOD USING LIQUID 

DEVELOPMENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an electrophoto 
graphic image forming technique such as a printer, a copier 
machine and a facsimile machine, and more particularly, to 
an electrophotographic image forming technique Which uti 
liZes liquid development as a development method. 

[0003] 2. Description of the Related Art 

[0004] Such an electrophotographic image forming appa 
ratus has already been commercialiZed in Which exposure 
means exposes a charged photosensitive member to thereby 
form an electrostatic latent image on the photosensitive 
member, developing means makes toner adhere to the pho 
tosensitive member, visualiZes the electrostatic latent image 
and accordingly forms a toner image, and the toner image is 
then transferred onto a transfer medium. As a development 
method for the developing means, a liquid development 
method is knoWn Which uses a liquid developer Which is 
obtained by dispersing toner in a carrier liquid. As advan 
tages of the liquid development method, it is possible to 
obtain a high-resolution image oWing to a small average 
particle diameter of toner Which is as small as 0.1 through 
2 pm, it is possible to obtain uniform images because of a 
high liquidity of the liquid developer, etc. 

[0005] As knoWn in the art, in this image forming appa 
ratus, an image quality such as an image density can be 
controlled by changing image forming conditions Which are 
de?ned by various factors, such as bias potentials applied 
upon respective portions of the apparatus. Further, the image 
density of a toner image may change depending on a 
difference betWeen individual apparatuses, a change With 
time, a change in environment surrounding the apparatus 
such as a temperature and a humidity level, etc. Noting this, 
a density controlling technique has been proposed Which 
controls an image density by adjusting an image forming 
condition Which in?uences the image density among the 
factors mentioned above. In an apparatus described in J apa 
nese Patent Application Laid-Open GaZette No. H8-292622 
of 1996 for example, a test patch image is formed, light is 
irradiated upon the patch image, light from the patch image 
is received, the image density of the patch image is detected, 
and image forming conditions such as a surface potential of 
the photosensitive member and the toner density of the 
liquid developer are controlled based on the detected result. 

[0006] By the Way, While conventional image forming 
apparatuses have used a liquid developer having a relatively 
loW toner density, liquid developers having relatively high 
toner densities have started to be used over the recent years 
for the folloWing reasons. One of the reasons is that it is 
dif?cult to reduce the siZe of an apparatus since a large 
amount of a liquid developer is necessary to ensure a 
sufficient amount of toner as the liquid developer has a loW 
toner density. Another reason is that the structure of the 
apparatus becomes complex in an effort to prevent a volatile 
solvent often used as a carrier liquid from leaking out of the 
apparatus. Further, When a liquid developer has a high toner 
density, the viscosity of the liquid developer increases. 
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Hence, it is dif?cult to apply the density controlling tech 
nique described in Japanese Patent Application Laid-Open 
GaZette No. H8-292622 Which is on a premise to use a liquid 
developer having a relatively loW toner density directly to an 
image forming apparatus Which uses a liquid developer 
having a relatively high toner density and a high viscosity. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, an object of the present invention is to 
provide an image forming apparatus and an image forming 
method Wherein a toner image is formed by developing a 
latent image on a latent image carrier using a high density/ 
high viscosity liquid developer and is transferred onto a 
transfer medium, the apparatus and method Which is capable 
of forming an image Which has an excellent image quality in 
a stable manner. 

[0008] According to a ?rst aspect of the present invention, 
there is provided an image forming apparatus Wherein a 
latent image on a latent image carrier is developed using a 
liquid developer, in Which toner particles are dispersed in a 
carrier liquid and of Which toner density is about 5 through 
40 Wt %, thereby forming a toner image, and the toner image 
is transferred onto a transfer medium, the apparatus com 
prising: an optical sensor including a light emitter Which 
irradiates light upon a toner image formed as a patch image 
on the latent image carrier, and a light receiver Which 
receives light from the patch image; and control means 
controlling an image forming condition Which in?uences a 
toner image density based on a received-light signal from 
the light receiver. 

[0009] According to a second aspect of the present inven 
tion, there is provided an image forming apparatus, com 
prising: a latent image carrier structured to carry a latent 
image on its surface; a liquid developer carrier Which 
transports, to a developing position facing the latent image 
carrier, a liquid developer in Which toner particles are 
dispersed in a carrier liquid and of Which toner density is 
about 5 through 40 Wt %, While carrying the liquid developer 
on its surface, brings the liquid developer into contact With 
the latent image carrier at the developing position, thereby 
supplying the liquid developer to the latent image carrier; 
image forming means Which makes the toner particles 
contained in the liquid developer supplied to the latent 
image carrier from the liquid developer carrier adhere to the 
latent image carrier, thereby visualiZing the latent image and 
forming a toner image; transfer means Which transfers the 
toner image on the latent image carrier onto a transfer 
medium at a predetermined transfer position; an optical 
sensor including a light emitter Which irradiates light upon 
a toner image as a patch image transferred onto the transfer 
medium, and a light receiver Which receives light from the 
patch image; and control means controlling an image form 
ing condition Which in?uences a toner image density based 
on a received-light signal from the light receiver. 

[0010] The above and further objects and novel features of 
the invention Will more fully appear from the folloWing 
detailed description When the same is read in connection 
With the accompanying draWings. It is to be expressly 
understood, hoWever, that the draWings are for purpose of 
illustration only and are not intended as a de?nition of the 
limits of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a drawing Which shows an internal 
structure of a printer Which is a ?rst preferred embodiment 
of the present invention; 

[0012] FIG. 2 is a drawing of a patch sensor Which is 
disposed facing a photosensitive member; 

[0013] FIG. 3 is a block diagram Which shoWs an electric 
structure of this printer; 

[0014] FIG. 4 is a draWing Which shoWs concave and 
convex shapes Which are formed on the surface of a liquid 
developer; 
[0015] FIG. 5 is a draWing for describing variations of the 
direction of refraction of light at the surface of a liquid 
developer; 
[0016] FIG. 6 is a draWing Which shoWs a liquid devel 
oper layer Which forms a patch image on a photosensitive 
member; 
[0017] FIG. 7 is a flow chart Which shoWs a patch process 
routine; 
[0018] FIG. 8 is a flow chart Which shoWs a printing 
process routine; 

[0019] FIG. 9 is a draWing Which shoWs an internal 
structure of a printer Which is a second preferred embodi 
ment of the present invention; 

[0020] FIG. 10 is a draWing of a patch sensor Which is 
disposed facing an intermediate transfer roller; 

[0021] FIG. 11 is a block diagram Which shoWs an electric 
structure of this printer; 

[0022] FIG. 12 is a draWing for describing a roping 
phenomenon; 

[0023] FIG. 13 is a draWing Which shoWs concave and 
convex shapes Which are formed on the surface of a liquid 
developer; 

[0024] FIG. 14 is a draWing for describing variations of 
the direction of refraction of light at the surface of a liquid 
developer; 

[0025] FIG. 15 is a draWing Which shoWs a state in Which 
a patch image is transferred onto an intermediate transfer 
roller from a photosensitive member; 

[0026] FIG. 16 is a draWing Which shoWs a liquid devel 
oper layer Which forms a patch image on the intermediate 
transfer roller; 

[0027] FIG. 17 is a flow chart Which shoWs a patch 
process routine; and 

[0028] FIG. 18 is a flow chart Which shoWs a printing 
process routine. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Preferred Embodiment 

[0029] FIG. 1 is a draWing Which shoWs an internal 
structure of a printer Which is a ?rst preferred embodiment 
of the present invention, FIG. 2 is a draWing of a patch 
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sensor Which is disposed facing a photosensitive member, 
and FIG. 3 is a block diagram Which shoWs an electric 
structure of this printer. 

[0030] This printer is an image forming apparatus of the 
liquid development type Which forms a monochrome image 
using a liquid developer containing black toner. As a 
print instruction signal containing an image signal is fed to 
a main controller 100 from an external apparatus such as a 
host computer, an engine controller 110 controls respective 
portions of an engine section 1 in accordance With a control 
signal received from the main controller 100, and images 
Which correspond to the image signal mentioned above are 
printed on a transfer paper, a copy paper and other general 
paper (hereinafter referred to as a “recording medium”) 4 
transported from a paper cassette 3 Which is disposed in a 
loWer portion of an apparatus body 2. 

[0031] The engine section 1 mentioned above comprises a 
photosensitive member unit 10, an exposure unit 20, a 
developer unit 30, a transfer unit 40, etc. Of these units, the 
photosensitive member unit 10 comprises a photosensitive 
member 11, a charger 12, a static eliminator 13 and a cleaner 
14. The developer unit 30 comprises a developer roller 31 
and the like. Further, the transfer unit 40 comprises an 
intermediate transfer roller 41 and the like. 

[0032] In the photosensitive member unit 10, the photo 
sensitive member 11 is disposed for free rotations in the 
arroW direction 15 shoWn in FIG. 1 (i.e., in the clockWise 
direction in FIG. 1). Disposed around the photosensitive 
member 11 are the charger 12, the developer roller 31, the 
intermediate transfer roller 41, the static eliminator 13 and 
the cleaner 14 along the rotation direction 15 of the photo 
sensitive member 11. A surface area betWeen the charger 12 
and the developer roller 31 serves as an irradiation area of 
a light beam 21 from the exposure unit 20. The charger 12 
is formed by a charger roller in this embodiment. Applied 
With a charging bias from a charging bias generator 111, the 
charger 12 uniformly charges an outer circumferential sur 
face of the photosensitive member 11 to a predetermined 
surface potential Vd (e. g., Vd=DC+600 V), thus functioning 
as charging means. 

[0033] The exposure unit 20 emits the light beam 21, 
Which is laser for instance, toWard the outer circumferential 
surface of the photosensitive member 11 Which is uniformly 
charged by the charger 12. The-exposure unit 20 exposes the 
photosensitive member 11 With the light beam 21 in accor 
dance With a control instruction Which is fed from an 
exposure controller 112, so as to form an electrostatic latent 
image Which corresponds to an image signal on the photo 
sensitive member 11, thus functioning as exposure means. 
For instance, When a print instruction signal containing an 
image signal is fed to a CPU 101 of the main controller 100 
via an interface 102 from an external apparatus such as a 
host computer, in response to an instruction from the CPU 
101 of the main controller 100, a CPU 113 outputs a control 
signal Which corresponds to the image signal to the exposure 
controller 112 at predetermined timing. The exposure unit 20 
then irradiates the light beam 21 upon the photosensitive 
member 11 in accordance With the control instruction 
received from the exposure controller 112, and an electro 
static latent image Which corresponds to the image signal is 
formed on the photosensitive member 11. To form a patch 
image When the need arises, the CPU 113 provides the 
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exposure controller 112 With a control signal corresponding 
to a patch image signal representing a predetermined pattern 
(e.g., a solid image) Which has been set in advance, and an 
electrostatic latent image Which corresponds to the pattern is 
formed on the photosensitive member 11. In this embodi 
ment, the photosensitive member 11 thus corresponds to a 
“latent image carrier” of the present invention. 

[0034] Thus formed electrostatic latent image is visualiZed 
With a toner Which is supplied by means of the developer 
roller 31 of the developer unit 30. The developer unit 30 
comprises, in addition to the developer roller 31, a tank 33 
Which holds a liquid developer 32, a coating roller 34 Which 
scoops up the liquid developer 32 stored in the tank 33 and 
supplies the liquid developer 32 to the developer roller 31, 
a restricting blade 35 Which restricts the thickness of a layer 
of the liquid developer on the coating roller 34 into uniform 
thickness, a cleaning blade 36 Which removes the liquid 
developer Which remains on the developer roller 31 after the 
toner has been supplied to the photosensitive member 11, a 
toner density adjuster 37 and a memory 38 (FIG. 3) Which 
Will be described later. The developer roller 31 rotates 
approximately at the same circumferential speed as the 
photosensitive member 11 in a direction Which folloWs the 
photosensitive member 11 (the anti-clockWise direction in 
FIG. 1). The coating roller 34 rotates approximately at 
double the circumferential speed in the same direction as the 
developer roller 31 (i.e., in the anti-clockWise direction in 
FIG. 1). 

[0035] The liquid developer 32 is obtained by dispersing, 
Within a carrier liquid, toner Which is formed by a color 
pigment, an adhesive agent such as an epoxy resin Which 
bonds the color pigment, an electric charge control agent 
Which gives a predetermined charge to the toner, a dispers 
ing agent Which uniformly disperses the color pigment, etc. 
In this embodiment, silicon oil such as polydimethyl silox 
ane oil is used as the carrier liquid, and a toner density is 5 
through 40 Wt % Which is a higher density than that of a 
loW-density liquid developer Which is often used in the 
liquid development (and Whose toner density is 1 through 2 
Wt %). The type of the carrier liquid is not limited to silicon 
oil. The viscosity of the liquid developer 32 is determined by 
the carrier liquid used, materials Which forms toner, a toner 
density, etc. In this embodiment, the viscosity is 100 through 
10000 mPa~s and preferably 50 through 6000 mPa~s for 
example, Which is higher than that of a loW-density liquid 
developer. 

[0036] A gap betWeen the photosensitive member 11 and 
the developer roller 31 (i.e., a development gap=the thick 
ness of the liquid developer layer) is set to 5 through 40 pm 
for instance in this embodiment. Adevelopment nip distance 
(Which is a distance along a circumferential direction over 
Which the liquid developer layer contacts both the photo 
sensitive member 11 and the developer roller 31) is set to 5 
mm for instance in this embodiment. As compared With 
Where a loW-density liquid developer mentioned above is 
used and therefore a development gap of 100 through 200 
pm is demanded so as to secure a toner amount, this 
embodiment Which uses a high-density liquid developer 
alloWs to shorten the development gap. Since this in turn 
shortens a travel of the toner Which moves Within the liquid 
developer because of electrophoresis and permits to generate 
a higher electric ?eld even at the same developing bias, it is 
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possible to improve the developing efficiency and the devel 
opment is performed at a high speed. 

[0037] The toner density adjuster 37 comprises a supply 
tank 371, Which holds a liquid developer Whose toner 
density is higher than that of the liquid developer 32 held in 
the tank 33, and a supply tank 372 Which holds the carrier 
liquid mentioned above. As a toner supply pump 373 oper 
ates, the high-density liquid developer is supplied from the 
supply tank 371 to the tank 33, thereby increasing the toner 
density in the liquid developer 32. MeanWhile, When a 
carrier supply pump 374 operates, the carrier liquid is 
supplied from the supply tank 372 to the tank 33, thereby 
decreasing the toner density in the liquid developer 32. 
Pump drivers 118 and 119 drive the pumps 373 and 374. As 
the operations of the pumps 373 and 374 are thus controlled, 
the toner density in the liquid developer 32 inside the tank 
33 is adjusted. 

[0038] In the developer unit 30 having such a structure, the 
coating roller 34 scoops up the liquid developer 32 Which is 
held in the tank 33 and the restricting blade 35 restricts the 
thickness of the liquid developer layer on the coating roller 
34 into uniform thickness. The uniform liquid developer 32 
adheres to a surface of the developer roller 31, and as the 
developer roller 31 rotates, the liquid developer 32 is trans 
ported to the developing position 16 facing the photosensi 
tive member 11. Toner is charged positively for example at 
all times oWing to a function of the electric charge control 
agent and the like. At the developing position 16 therefore, 
the toner moves toWard the photosensitive member 11 from 
the developer roller 31 because of a developing bias Vb 
(e.g., Vb=DC+400 V) Which is applied upon the developer 
roller 31 by a developing bias generator 114, and an elec 
trostatic latent image is accordingly visualiZed. 

[0039] A toner image Which is thus formed on the photo 
sensitive member 11 is transported to a primary transfer 
position 44 Which is faced against the intermediate transfer 
roller 41, as the photosensitive member 11 rotates. The 
intermediate transfer roller 41 rotates approximately at the 
same circumferential speed as the photosensitive member 11 
in a direction Which folloWs the photosensitive member 11 
(the anti-clockWise direction in FIG. 1). When a transfer 
bias generator 115 applies a primary transfer bias (Which 
may be DC-400 V for instance), the toner image on the 
photosensitive member 11 is primarily transferred onto the 
intermediate transfer roller 41. The static eliminator 13 
formed by an LED or the like removes an electric charge 
remaining on the photosensitive member 11 after the pri 
mary transfer, and the cleaner 14 removes the liquid devel 
oper Which remains. In this embodiment, the intermediate 
transfer roller 41 thus corresponds to a “transfer medium” of 
the present invention. 

[0040] Asecondary transfer roller 42 is disposed to face an 
appropriate portion of the intermediate transfer roller 41 
(right beloW the intermediate transfer roller 41 in FIG. 1). 
The primarily transferred toner image Which has been pri 
marily transferred onto the intermediate transfer roller 41 is 
transported to a secondary transfer position 45 Which is 
opposed against the secondary transfer roller 42, as the 
intermediate transfer roller 41 rotates. MeanWhile, the 
recording medium 4 housed in the paper cassette 3 is 
transported to the secondary transfer position 45 by a 
transportation driver (not shoWn), in synchroniZation to the 
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transportation of the primarily transferred toner image. The 
secondary transfer roller 42 rotates approximately at the 
same circumferential speed as the intermediate transfer 
roller 41 in a direction Which follows the intermediate 
transfer roller 41 (the clockWise direction in FIG. 1). 

[0041] As the transfer bias generator 115 applies a sec 
ondary transfer bias (Which may be —100 pA for example 
under constant current control) upon the secondary transfer 
roller 42, the toner image on the intermediate transfer roller 
41 is secondarily transferred onto the recording medium 4. 
Acleaner 43 removes the liquid developer Which remains on 
the intermediate transfer roller 41 after the secondary trans 
fer. The recording medium 4 to Which the toner image has 
been secondarily transferred in this manner is transported 
along a predetermined transfer paper transportation path 5 
(denoted at the dashed line in FIG. 1), a ?xing unit 6 ?xes 
the toner image, and the recording medium 4 is discharged 
into a discharge tray Which is disposed in an upper portion 
of the apparatus body 2. An operation display panel 7 
comprising a liquid crystal display and a touch panel is 
disposed in a top surface of the apparatus body 2. The 
operation display panel 7 accepts an operation instruction 
from a user, and shoWs predetermined information to inform 
the user of the information. 

[0042] A patch sensor 17 is disposed betWeen the devel 
oper roller 31 and the intermediate transfer roller 41 Which 
are around the photosensitive member 11 so that the patch 
sensor 17 is faced against the photosensitive member 11. As 
shoWn in FIGS. 2 and 3, the patch sensor 17 is a re?ection 
type optical sensor Which comprises a light emitter 171 
formed by an LED for instance and a light receiver 172 
formed by a photo diode for instance. The angle of inclina 
tion of the optical axis of the light emitter 171 With respect 
to a normal line to the surface of the photosensitive member 
11 is 01 and thus equal to the angle of inclination 01 of the 
optical axis of the light receiver 172 With respect to the 
normal line to the surface of the photosensitive member 11, 
as shoWn in FIG. 2. The light emitter 171 and the light 
receiver 172 are disposed respectively to bottom portions of 
thin holes Which are formed along the optical axes of the 
light emitter 171 and the light receiver 172. With this 
structure, irradiation light from the light emitter 171 is 
regularly re?ected by a patch image on the photosensitive 
member 11 and the regularly re?ected light is received by 
the light receiver 172. As shoWn in FIG. 3, the light emitter 
171, operating based on the control signal received from the 
CPU 113, irradiates light upon a patch image 18 (FIG. 4) 
Which is formed on the photosensitive member 11, and the 
light receiver 172 receives the resulting regularly re?ected 
light and sends a received-light signal corresponding to an 
image density to the CPU 113. In this embodiment, the patch 
sensor 17 corresponds to an “optical sensor” of the present 
invention. 

[0043] In FIG. 3, the main controller 100 comprises an 
image memory 103 Which stores an image signal fed from 
an external apparatus via the interface 102. The CPU 101, 
When receiving via the interface 102 a print instruction 
signal Which contains an image signal from an external 
apparatus, converts the signal into job data Which are in an 
appropriate format to instruct the engine section 1 to operate, 
and sends the data to the engine controller 110. A memory 
116 of the engine controller 110 is formed by a ROM Which 
stores a control program for the CPU 113 containing preset 
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?xed data, a RAM Which temporarily stores control data for 
the engine section 1, the result of a calculation performed by 
the CPU 113, etc. The CPU 113 stores Within the memory 
116 data regarding an image signal fed from an external 
apparatus via the CPU 101. 

[0044] Amemory 38 of the developer unit 30 is for storing 
data regarding a production lot of the developer unit 30, a 
history of use, characteristics of the toner inside, a remaining 
amount of the liquid developer 32, a toner density, etc. The 
memory 38 is electrically connected With a communication 
section 39 Which is attached to the tank 33 for example. 
When the developer unit 30 is mounted to the apparatus 
body 2, the communication section 39 comes faced against 
a communication section 117 of the engine controller 110 
over a predetermined distance, Which may be 10 mm for 
instance, or a shorter distance, and as a result, the tWo can 
send data to and receive data from each other by a Wireless 
communication such as one Which uses an infrared ray While 

remaining not in contact With each other. The CPU 113 thus 
manages various types of information such as management 
of consumables related to the developer unit 30. 

[0045] This embodiment requires to electromagnetic 
means such as a Wireless communication for the purpose of 
attaining non-contact data transmission. An alternative hoW 
ever is to dispose one connector to each of the apparatus 
body 2 and the developer unit 30 and to mechanically 
engage the tWo connectors With each other by mounting the 
developer unit 30 to the apparatus body 2, Whereby data 
transmission is realiZed betWeen the apparatus body 2 and 
the developer unit 30. In addition, it is desirable that the 
memory 38 is a non-volatile memory Which can save data 
even When a poWer source is off or the developer unit 30 is 
off the apparatus body 2. An EEPROM, such as a ?ash 
memory, a ferroelectric memory, or the like may be used as 
such a non-volatile memory. 

[0046] The shape of the surface of the liquid developer 
Which is carried on a latent image carrier such as a photo 
sensitive member and on a transfer medium such as a 
intermediate transfer roller Will noW be described. FIG. 4 is 
a draWing Which shoWs concave and convex shapes Which 
are formed on the surface of the liquid developer, and FIG. 
5 is a draWing for describing variations of the direction of 
refraction of light at the surface of the liquid developer. 

[0047] Of the liquid developer in Which toner particles are 
dispersed in the carrier liquid, the toner particles on the 
latent image carrier are attracted to the surface of the latent 
image carrier because of a latent image potential (contrast 
potential) and accordingly form a bottom layer, and a layer 
of the carrier liquid is formed in a surface layer of the bottom 
layer. In a similar manner, on the transfer medium, the toner 
particles are attracted to the surface of the transfer medium 
oWing to a transfer bias and accordingly form a bottom layer, 
and a layer of the carrier liquid is formed in a surface layer 
of the bottom layer. 

[0048] This consequently transfers almost all of the toner 
particles onto the transfer medium, Whereas a part of the 
carrier liquid remains on the latent image carrier and the 
remainder of the carrier liquid gets transferred onto the 
transfer medium. Hence, When a toner image is transferred 
from the latent image carrier onto the transfer medium, the 
amount of the carrier liquid contained in the liquid developer 
on the transfer medium decreases compared to that con 














